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NOTICE

This report was prepared as an . courit of Government-
sponsored work. Neither the United States, nor the National
Aeronautics and Space Administration (NASA), nor any person
acting on behalf of NASA:

AJ Makes any warranty or representation, expressed
or implied, with respect to the accuracy, complete-
ness, or uséfulness of the information contained in
this teport, or that the use of any inforrhation,
appatatus, rhethod, or process disclosed in this
report mdy riot infringe privately-owned rights; or

B.) Assumes any liabilities with respect to the use of,
or for damages resulting from the use of, any
information, apparatus, method or process
disclosed in this réport.

As used above, “’person acting oh behalf of NASA" includes any
employéé or contractor of NASA, ot employee of such
contractor, t0 the extent that such employeé¢ or contractor of
NASA or employee of such contractot prepares, disseminates, -
ot provides access to any information pursuant to his émploy-
ment of cohtract with NASA, or his employment with such
contractor.

Requests for copies of this report should be referred to

National Aérondutics and Space Administration
Scieritific and Technical Information Facitity
P.O. Box 33 B

College Park, Md. 20740
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FOREWORD

The work described herein was done by The Boeing Company,
Wichita Division, under NASA contract NAS 3-14321 with Mr.
H. Bloomer, V/STOL and Noise Division, NASA - Lewis
Resedrch Center, as Project Mariager.
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ABSTRACT

A grazing flow apparatus has been designed to measure the irmpedarice of acoustic materials when
installéd in environments that subje¢t the material to grazing airflow. The design of thé appatatus
and the data analysis technique s based on the solution of th2 convecied wave equation in an
infinite length waveguide,
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NOMENCLATURE

Speed of sound, in./sec {cm/sec)

Cosirie and sine toeflicients of x-component of pressure

Cosine ahd sine coefficierits of y-component of préssure
Frequency, hertz

Cut-off frequency, hertz

Duct height, in. {cm)

V=1

Wave number, w/¢, in1 (o) .
Acoustic propagation éonstants in coordinate directions, ih.”
(em™)

Mach humber

Hérd wall mode nurnber ini x-direction

1

Hard wall mode number in y-direction

Acoustic pressure, dyrne/cm2

Time, séc.

Freestream girflow velocity, in./sec (¢m/sec)

RMS particle velocity, cm/sec

Duct coordinates, in. (crm)

Pressuré consponents depending on coordinates x, v, 2, ahd time, .
Attenuation rate, dB/in (dB/cm)

Impedance funttion 5 /n

Normalized acoustic impedance

Erequency parameter, 2 hi/c

Boundary layer momentum thickness, in. (em)
Wavelength relative to fluid flow, in. {cm]
Measured wavelength in duct, in. (cm)

Real part of trunsverse propagation constant Ky
Particle displacement, in. (&m)

Air density, g/cmS
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NOMENCLATURE

Attenuation parameter, imaginary patt of axial propagation
cohstant k,

Phase velocity parareter, real part of axial propaga tion
conistant k,

Phase tate, deg/in. (deg/cm)
Imaginary part of transverse propagation constant k,
Angulsr frequéncy, 2 7 f, rad/sec.
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1.0

SUMVARY

A grazing flow apparatus was desijned and fabricated for the purgose of medsuring the
résistive and reactivé acoustic impedance of materials as instalied in the presence of

- grazing aitflow. The design of the apparatus and the analysis of the data were based on

the thoory of sound propagation in a rectangulas waveguide. THe results of the testing
indicate that the change in resistive and reactive impédance, as a function of grazing
flow, is greater for the perforated sheet materials than that for the polyimide materials
testéd. In a general sense, the rodel predictions comparé favorably to the data
¢considering that fucing sheet blockage due to the adhesive fillet between the core and the
facirig sheet and that the boutidary layer effects oh the impedance measureriients have
not been incorporated in the model predictions or the data analysis.

Bdsed on the fesults of testing to daté, there are several areas that warrént improvement
which would exparnd the capability of the grazing flow facility. Recommended
impravéments are listed below: .

° Increasing the acoustic transmission efficiency of the waveguide

° Increasing the frequericy range

° Changing the bouriaary layer profile

e Usinig two simultanéously trahversing microphones and cross-correlation
techhigués to obtdin data

] increating the sound pressure level input
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20 INTRODUCTION

2.4 Background

Two different methods have previously Leert used to measire grazing tlow impedanee.
References 1, 2, 3, and 4 employed the tvo pressure method and Reference 5 employed
d stahding wave tub : mounted in the side of a rtctangular flow duct.

Thé two pressure method of determining the complex impedance is based ori medsuring

. the souhd pressure difference and phase differérice dcross the resonator dperture. Binek
(in Reference 4) states that under grazing flow conditions no phase measuréments were
takeh indicating instrumientation problems. As & result, he assumed the reactive
impedance to be a linear furiction of frequency, which is zero at the tesonant frequericy,
and computed the corfesponding phase angles at the frequencies of iritetést. However,
the other investigators { References 1, 2, and 3} make no mention of suth phase probiems
but they do make exténsive use of the resdnant frequeticy properties of a Helrhhioltz
resonator in determining resistance, as well ds reactance. The resonant frequency can bié
determined by miedsuring minimum pressures extérior o maximurh gressures interior t6
the resonator without making phase measurements. Thé phlase rheasuremierit, thiss,
dppears to be an inherent weakriess in the two pressure method of determining grazing
flow impedantés.

Feder (Reference 6) measured grazing flow impedance with a standing wave tubé
mounted in a flow duct wall by subtracting out the measured radiation impedance
without thé sample installed. However, the tadiation impedance of & pétforated sheet
sdmpie (assuming no hole-to-hole interaction) is -(-Sﬁimes the radiation impedance 6f one

hoie where S is the ctoss seéctional aréa of oné hole and OA is the open drea of the
samplé. This can differ significantly from the radiation impedance of the open ended
standing wave tube. Also, the effect of grazing flow on the radidtion impedance needs to
be Incorporated. Therefore, an inherent limitation i thé meastiring technique bécormes
apparent,

The waveguidé méthdd of mieasuririg grazing flow impedance, as developed in this
docurient, also has several limitations. However, thé majot limitation appeats to be in
the magnitude of the standing wave inside the test scction at higher Mach numbérs, as
indicated in the data statter. This can be ovércome by a redesign of the acoustic
components of the apparatus.

-~

2.2 Objective

The objective of this research effort was to develop a grazing flow apparatus in which
both the resistive and reactive acoustic impedances 6f a material can be deterinined in
the jrescnce of a grazing airflow. From this information, more realistic mathematical
impedance models can be developed.

PRECEDING PAGE BLANK NOT FILMED




23

Tdchiniical Approach

The design of the apparatus and he analysis of the data are based or. *he require.. ent for
the propagation of thie fundarental mode in the test section, one wall of which can be
lined with an acoustic pariel. This design requirement automatically limits the frequency
range for the impedence measureiments to those frequencies below the first tutoff
trequency of the wavejuidé, At higher frequencies, the higher modes adversely affect ti
measuremerit of the attenuation rate ahd phase rate in the waveguide.

Yy
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MATHEMATICAL MODEL

The geometry of the mathematical model consists of a semi-infinite rectangular
waveguide (duct), the coordinates of whiéh dre given in Figure 1. Itis assumed that the

airflow in the waveguide is inviscid, nonturbulent, and has a steady state uniform

velocity U alorig the duct z axis. Assume also that the acoustic impedance of the unlined
wdlls of the duct is infinité and that the x = h wall has an acoustic impedance that is
normally reacting, thiat is, its impedance is independent of the angle of incidence of the
acoustic waves. An dcoustic plane wave source is placed at z = 0 and its propagation ifi
the waveguide will be investigated as a function of frequency, Mach number, duct size,
sound pressure level, and acoustit lining impediance.

The acoustic wave éguation for this flow condition is

- 2
c\V7p = (-—"-+u.—a—) P

0. Oz (1)

where p is the acoustic pressufe and ¢ is the speed of sound relativée to the fluid flow.
The geometry of the probléem permits the wave equation to be solved by a separation of
variables assuming a simple harmohic solution

p=XYZT (2)
whefte

X = Cxcos kxx + Sy sin kyx (3)

Y = Cycos kyy +Sy sinkyy (4)

2= eike? (5) -

T= eiwt ’ -~ (6)

Cy. Sy. Cy, Sy aré constants determined by the boundary conditions at the duct walls,
k k k, dre atoustic propagation &onstanits in the coordinate directions, aiid w =
2 nf the angular frequency. The propagation constaiit k, determines thé phase velocity
and attenuation raté ih the dutt and cdn bé expressed as a function of ky and k by
substituting the assunied solution into the wave equation

k= =MtV K= UMD G+ ) 7)
1-m?
where M = U is the Mach number of the flow and k = w/c.
¢

t rea = ——————— =
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DuUCT GEOMETRY
FIGURE 1
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The boundary condition used t& determine k, and ky Is that of the continuity of
particle displacement at the duct walls. Thus, at the wall let &4 be the particle
displacement in the fluid flow normal to the wa'l, The equation of motion is given by:

. . 2
-p(b-a; +u§;) ¢ = gad p (8)
where p is the density of the fiuid.

Thé hard wall boundary condition at y = 0, b and x = 0 is equivalent to the requiremerit
that.the gradient of the pressure vanish. Thus, S, and S, are zéro and ky ==%1£ In the

preserit applicatioh, the frequency range usable is such that the t = 1 mode will be in
cutoff. Therefore, the expréssion for k, becomes

Mk eV E=(-m) K
kzg ‘_Mg

(9

if the x = h wall is lined with an acoustic impedarice ¢ ,hormalized by the characteristic
atoustic impedahce of the fluid  Pc, then tné relationship betwéen press.re and particle
vélocity at the lined wall is .

Ped = ‘5__%; , (10)

St
where &, is the particle displacement in the lining matérial. Assuming simple
harmohic motions

Pcyg = T“E

or
& = — | o
T wbed (1)

The boundary condition is the équivalénce of &4 and &9 at the soft wall. The

equation of motion now becomes

{8, 0 p _ 9% .
p(at*uai) iwPcd ~ Ox
or

S fipyt 2 P - op

p (lw 'Ukz) iwpcc ax
or

. 2 ,

B (1w ) o2

s x (12)

Using the assumed solution, this becomes

e el e &
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:'-,E(I-M BJ—)? = ky tan{hky) .
S k (13)
Since k, is a complex quantity, it cah be represented as
kg = k (T=io) (14)
The transverse propagation constant K, is a complex duantity and is represented by
T k= (uein) (16)

This representation is used so that the final results will e compatiblé with Cremer’s
(Referenice 6) at M = 0. Direct substitution and rearrangenient yields

% =(‘-M(T‘i0))2 Ctﬂhj"'jf(‘lx‘"‘iX’) (17)

. where 7 = 2Hf is the frequiéncy parareter.
C .

The quantities 4-and X are computéd from the measuréd propagation constant k, by
using-a Newton-Raphson iteration téchnique on Equation 9 after thé redl ( T ) and
imaginary ( o ) parts have been separated. THus, all the parameters riecessary to
determine ¢ in Equation 17 Have been established.
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4.0

" The phase of the pressure in the duct repeats every 271 radians for one wavelength in '

[N

METHOD OF SOLUTION APPLICATION

The upper limit of the usablé frequency range is detérniined by the lowest cutoft
frequency of thé waveguide. This cut off frequency depends on the Mach number and
duct size according to Equation 7 at the frequenéy at which the radical vanishes. For a
square duct with hard walls ky = ."Jfl Ky = .‘_‘E’! and the cutoff frequency is

feo= ’i N (1 =m?) (24 12) (18)

for the 2 inch duct height of the test section. Figure 2 shows the cutoff freduericy for
the first five modes. The usable frequency range is determined by the (1,0} or (0,1)
modé turve. .

The impedance of the waveguide wall, as sensed by the wave traveling down the duct, is
given by Equation 17. The quantities mieasured in the duct are the real and imaginary
parts of the axial propagation constant kz. From Equation (5), the component of the
pressure vdriation down the waveguide is

z= e"ikzz

or

7= e’fk(‘?"'if')l (19)

thé duc’t A e Thus

27
kT3 3\_
or m
T= -X; (20’
The attenuation in the duct per unit length is eX0  or ia terms o7 dB/in.

Therefore, by measuring the wavelength and the atténuation rate iri the duct, Equations
20 and 21 determine all the requited parameters since 4 and X ih Equation 17 are
determined by ¢ and T from Eduation 9. The explicit éxpressions ate as follows:

-M

=t i (5 ()61 )
1 v (22)
(it - 1+0)

i e—— . — —
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(23)
Ttiese equations can be solved for-g- and% and the results used in Equation 17 to.... .. . . Lol
compute the wall impedahce. { :, ]
* The impedance data is plotted as a function of the discrete frequency sound pressure 3 k }
level (SPL) at the soft wall. This SPL is computed from the measured SPL on the P ]
. opposite hard wall at the axial midpoint of the half wavelength section of data analyzed, : :
P
The. RMS sound pressuré at any location across the duct is given as: i
Be = By (cos? (mux/b) + sinbi? (mxs/m})® (24) ; |
‘ . ! :
. ) : {
frofr which the RMS SPL at x = 2 inch is computed. !
o - !
If the corresponding RMS particle velocities aré desired, they cah be computed from the - {
following expression: ) . P
3
v = B (25) v s
[¢lpe o
“
! !
‘ 4
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6.0 GRAZING FLOW IMPEDANCE APPARATUS ‘

The_ grazing ﬂowv impedance apparatus carggists of dn ’qir plenum, a sound source, test :
section, and aerddynaihic diffuser with an anechoic termination as shown in Figure 3. i

The air plenuni ¢onsists 6f a 36-inch diameter cylinder lined with acoustic inssilation to
minimize aitflow noise, an electropneumatic sound generator and exponential horn that
provides a uniform discrete frequency sound wave into the test section.

e e e e e e e 5

A detailed view of the test section is shown in Figure 4 and consists of a 2 x 2 inch cross

. section, the top wall of which accommadatés a 18 irich test pahel. Two thicréphones are
mounted 6ppdsite the test panel, orie of which can traversé the length of the test section.
The stationary micropHone located opposite the leading edge of the test panel is the
referente micraphorie. Thé traversing microphohé is initially alignéd with the feference .
and during its traverse, in one-¢ighth {nch increments, measures the relative amplitude b
and phase ds & function of duct location. This information is recorded ona X - y - Y’ =
plotter for on-line analysis and also puriched oh cards for digital computer processirig. b

Theé exponential horn attathed t6 thé downstream end of the test séctiori serves as an
aerodynamic diffuser and acoustic transformet. The flare cutoff frequency of the horn is
100 Hz and, theréfore, has dcceptable transmission properties in the 1000 — 3000 Hz
freduency range that the impedance measurements are rmade. However, an aerodynamiic
analysis indicated that the flow will separate bétween 2 and 6 inches from the throat of
the hotn for & .2 to .6 Mach numiber range, thus, causing flow separation noise and
iismatch in acoustic impedancé resulting in reflected waves. The significance of these
reflected waves depends upon both the Mach number afid linef attenuation efficiency.
Their effect on the measured data is quantitatively eonsidered in Section 8.0

A portable anethoic chamber serves as dn atousti¢ terniination for the apparatus and
providés an effective nonreflective termination in the test frequericy rarigde.
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6.0 BOUNDARY LAYER VELOCITY PROFILES

Typical boundary layer velocity profiles are given in Figures 5 and 6 for Mach numbers
of .3 and .6 for two duct locations, at tie leading edge of the panel and at 14 in,
downstream. The momentum thickness @ s indicated. These velocity prcfites are
indicative of all pariels tésted, Both petforated sheet and polyimide,
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70 IMPEDANCE MODELS FOR PERFORATED SHEET AND POLYIMIDE

71 Perforated Sheet Impedance Model

The perforated sheet impedahce mode! was developed by combififig theoretical
expressions for orifice impedance with measured flow resistance and stahding wave tube
impedance dota, The cffect of grazing flow on the imhpedance was derived from
measurements of the DC flow resistante of the material subjected to the grazing flow by
a method similar to that feported in Reference 5. The following equations represent thé
normalized resistance (R/Pc) and reastance (X/ Pc) for the perforated sheet dcoustic

panel,
.%;. = RVDC + 2J + 3:[_2“ .‘Li exp(SN)
%(c. - m{%}s‘ﬁ (t+ 85d (1~.7{OA) — .000012 byK) — cot (kL)
where ¢ =  Speed of sound (cm/sec)
d = Perforate hole diameter (in)
f =  Frequéncy (Hz)
k = 2nf/c (am)
=  Panel core depth (cm)
M = Mach number
oA =  Petforate open area
Py =  Static pressure (PSI) ‘
t =  Thickness of perforated sheet (in)
Tr =  Total air temperature (°R)
\Y =  RMS total particle velocity {cm/sec)

VspL = RMS spectrum patticle velocity (cm/sec)
VGE = RMS grazing flow particle velocity (cm/scc)

(2] = Boundary layer momentum thickness {in)
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1 1
‘ﬁ
LUZSl(—‘( P ’2 - 1)(( y 1) exp(-.5072t/d)

SN = -3 (254 df (OA)/v)2

o R -’% oA T+ 416
2 0000383 (T1/619)- 78 yF (L. + 1 - 0A}
()
£ |

4

The RMS total particle velocity i$ obtained by

1/\I§ + V2
v = se. * Var
Whete Vgg = _.26 (XKK)cM?

RVDC ‘[voc . XKK g m2 o
2 )

0 ifO=0 |
and  XKK = Yo5+.11d/@ if@= 0 :

7.2 Polyimide Impedance Model

The polyimide impedance model wa¢ developed empirically from DC flow resistance and
standing wave imgedance tube data. The grazing flow contribution was determined as
that for the perforated sheet model. The followirig equations represent the normalized
resistance (R/Pc) and reactance (X/Pc) for the polyimide acoustic panel. -

Moh ey e

= (RVDC +.305 AN2 £+ 2.86 p N2v)/pe
(.549 N5 .. (5.12) 10°5 pN3 fv)/ pc ~ tot (kL) :

> :Slx ",o}:u
0

5 Ts1.5
Where = (1.?15) 10 -T-;';-m
RVDC = 4640 ANT-333
N = Numbér of plies
Ts = Static temperature (°R) 4
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The RMS total particle velocity is obtained by

= 2 +
v \/;' st Vor

With  vgg = 05eMZ : .
RVDC + J(ayocf + .71 N2 M2
Pe P¢
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DATA SUMMARY

Typical drazing flow impedance data for 2.7% open area (OA}J perforated sheét will be
ciscussed. Figure 7 shows the liner tunihg tharactaristiés as a function of Mach Aumber
for a constant 140 dB SPL input. As Mach number increases, the frequency of peéak
atteniuation increases and-the attenuation détreases ifdicating a decreasing reactive and
iricteasing résistive impedance. Figure B shows the attenuation rates as a function of duct
lotation for the peak frequency of attenuation. For a given Mach number, the
attenuation rate can be détermined for a cértain duct location or it can bé deterrmined
over d tertdin duct section. The data points are ledst squaré fitted by a straight line
whose slope determines the attenuation rate. This a-tenuation raté is ascribed to the SPL
at the section midpoint. The imadinary part of the axisl propaljation ¢onstant is defined
by the attenuation rate actording to Equation 21. Figure 9 shows the data for
determining the wavelength in the duct as a function of Mach number. A relative phase
¢hange of 180° indicates a half waveléngth change. For a givéen Mach number, the phase
rate can be determined for a ¢ertain duct location, or it can be détermined over a certain
duct section such as a 180° phase change sestion (half wavelength). The data points are
least square fitted by a straight line, which, when extended over 180°, determinés the
half wavelength in thé duc* The ratio of the wavelength relative to the fluid flow to the
measured .ravelength in the duct is the real part of the axial propagation constant.

This is a general representation of raw data as obtained from the grazing flow apparatus
and i$ charatteristics of all samples tested. As explained in Séction 4.0, the data for each
sample corresponding to Figures 8§ and 9 are punched on cards for data processirig. This
raw data will not be presented due to its bulk. The processed raw data is presented in the
Appendix ih the form of test panel installed impedance, resistive and reactive, Table |
lists the physical properties of the panels tested. Tablé |l gives the flow resistance
characteristics of the sample facing sheets ifi tcrmis of 2erd particle veltcity intetcept and
slope.

A summaty of the data in the Appéndix i$ given in Figures 10 through 13 for 0, .3, arid
.5 Mach numbers. The resistive and redctive impedances are plotted as a function of
either percent open area (Figure 10) or number of plies (Figures 11, 12, and 13). A
comparisont of Figures 10 through 13 indicate that the grazing flow contribution to
perforated sheet is greater than that for polyimide. This data represents the grazing flow
contribution to the irpedance at low input SPL particle velotities where the grazing
flow particle velocity is dominant. The RMS particle velocity dué to grézing flow cannot
be determined from the data since sufficiently high input SPL's could rot be produced
to induce a particle velocity that dominates that produced by the grazing flow. If this
could be done, a transition would appear in the data from constarit résistante to a
résistance dependent on the input SPL induced particle velocity, and this transition
would define the grazing flow particle velocity.

The summary chart for the pérforated sheet panels is given in Figure 10. The
characteristic increase in resistance and decrease in reactance with increasing Mach
nuriibier i$ indicdted for all the safplés tested.

Three different sets of polyimide panels were tested. The first set (Samiplé Nos. 6
througb 9} werfe fabiicated from layers of glass fiber cloth impregnated with polyimide
resin. The layers were oriented at 0°, 22,69, 459, 67.59, etc. Thesé panels were
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post-cured, that is, théy were Heat treated in air for ari extra périod of time at a higher
témperature than the standard precured panels,

The secanid set (Sample Nos. 10, 12, 14, and 16) and the third set (Sample Nos, 11, 13,
15, and 17) differ in construction only I their core dépths, 0.86 ih, dnd 1.4 in.,
respectively. These panels are of the standard précuréd type with @ weave orientation of
09, 169 right, 0° and 15° left, etc.

The summary charts for the polyimide parels are given In Figures 11, 12, and 13,
respectively, for the three sets of panels defined abiove. The unusual behavior of the 16
ply parel, as shown in Figure 11, was possibly due to air leakage caused by parel
warpage that was not removed when installed it the dgrazing flow apparatus. However,
the 4, 8, and 12 ply panels exhibit resistancé values that are linear & a function of
number of plles. The reactances aré stronger funttions of frequéncy than the resistances
and, hence, show a greater variability since the reactances are plotted for différent
frequencies.

Figures 12 and 13 give the summary charts for the pretured polyimide panels with core
depths of 0.86 in. and 1.4 in., respeactively. By corriparing the two sets of curves, it will
be seeh that the resistive characteristics are again generally lingar as to theé number of
plies. However, the siopes of the resistance curves are différent for the precured and
post-cured panels.

It should be mentioned that the blockage due to the adhesive fillet betweén the core and
facing sheet affects the impedance properties of the polyimide panels. This blockagde is

very likely to vary from panel to panél, résulting in a certain amount of variability of .

measured impeddnce and, thus, affecting the general linear trends of the data as a
function of the number of plies.

In the Data Appendix the first and sécond half wavelength duct seétion data &re plotted
as open and solid symbols. At zero Mach numbgr, the two half wavelength sections
exhibit data that have thé saine trends as & function of SPL. At the higher Mach
numbers, the second section resistance data generally indi¢ate the higher value. This
could be indicativé of the dependence of the panel impedanct on the boundary layer
profile that varies with duct length. At this time, pariel impedarice correlation with
boundary layer properties is not possible.

The impedance model predictions are plotted as solid lines for 1 KHz and dotted linés
for 2 KHz. For example, sample 1 at zero Math number indicates that the predicted
resistive impedancé values gre lower than the measured values at low SPL's but show
better agreement above 130 dB’s. The abscissd represents the SPL of the siriusoidal signal
at the panel surface and not the total RMS SPL of the entire spectrum. Thus, at low
input sinusoidal levels, the background noise spectrum induces an RMS particlé velocity
that coritrols the resistive impedance. THe reactive impedance appears to be less affected
by thé background rioise. This background noise could havé been included in the
impedance computationis if it had been knowh as a function of pane! location. Upon
cofipating tlie other predictions and data, it becomes apparent that generally the zeré
Mach comparisons dre better thar those at .3 or .6 Mach number. This is understandable
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sincé the data includés the boundary layer effect and the impedance model does not.

The momentum thickhess used for .3 and .6 Mach numbérs were .028 and 034 in,,
respectively.
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TABLE |
TEST PANEL SPECIMEN DESCRIPTION

PERFORATED PLATE _1
Percent Hole Diameter Thickness Core Depth j
Samplé No. Open Area on) ) in) |
1 2.7 032 .032 86 |
2 a4 059 030 86
3 . 6.1 039 032 .86 ‘»
4 104 038 032 86 '
5 9.9 N .030 .86 Ti
|
3
i
POLYIMIDE |
|
Core Depth ¢ :
Samiple No. Plies (in.) B
6 4 86
7 8 .86 :
8 12 | 86 !
9 16 86 ‘
10 6 ' 86
" 6 14
12 9 86 ; |
13 8 1.4 " |
14 12 .86
16 12 14 g
16 16 86 1
17 15 14 ’




TABLE Il o
FACING SHEET FLOW RESISTANCES

- Zero Velocity Intercept ~ Slope
Sample No. (Rayls) (Ray! . sec/cm)
1 2.7 1.85 ;
? 1.68 L |
3 1.22 30 ’l
4 71 10 ‘
- 5 7 A4
6 6 135 |
7 12.5 525 |
8 25 1.16
9 34.1 2.09
10+ 11 9.3 203
12- 13 16.7 663
14-15 30. 1.16
16-17 40, 1.77
.
C
i
L]
2 :
?
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RELATIVE ERROR OF IMPEDANCE MEASUREMENTS

A statistical éior andlysis 6f the impedance measurements should be based on many
impedanceés values for the ra.ge of parameters involved (frequency, SPL, Mach number,
impedarice, étc.). This information is not available at this time, However, a relative
estimate of the etrér tan be caltulated based on the standard estimate of the error
betwseen-the tata dntthe least square straight line fit to the data.

The expression fot the impedance is given.in Equation 17 as a function of Mach number
and thé transverse propagation parameters 4 and. X, Assumirig that thy Mach nuimber
is constant, the chang¢ in the .mpedance relative to # and X can be obtsined.
However, these quatitities are not measured directly and, therefore, must be expressed in

terms of the measured attenUation rate and phase rate. The axial propagation constant is
givén by

k, = k(T-io)

where & and T aré knowh functions of u and X, The quantity T is computed
from the measured wavelength in the duct as

Ta—

Am

where A = c/f i the calculated wavelength and  Am = 360°/ $R is the measured

wavelength as related to the nteasured phase rate @R The quantity & is related to
the measured attenuation rate « (dB/in) by

_ at
T 54.6f
Thus, if the impedance is expressed as

-% = I, x)

the change in impedance relativeto ¢ and X is
er or
dih= == du+ — dx
- "Rl

But,sinte & =F (u, x)

o

and 7 =G (u, x)

where F and G are given by Equations 22 and 23.
OF OF

o= S du+ dx
Therefore, do& e u m
" 06 66
and drT = —x dy + —— dx
3 ¥ ox

Solving for du and dy

¥ 86 OF
dig= (28 4q. OF
H (6X do 3x dT)/J
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and ot 86 )/
dx = (-ép-d‘r. -bwdo J

—e——

Where J 3—6—55;-576;1

The relatiohship between d o  and dT  to the standard estimate of the error (SE) for
the measured values of phase and attenuation can be obtained by considering the thange
in phase raté and attenuation rate due to totating the least squaré straight line fit to the
data about the beqinning of the seétion (25_"9 length) by the amount of thé standard error
at the end of that séction. Thus, 2

¢ doy = D (- ) e 2h(SE) _ _ T(SE)

27.3n 2737} 273
— _h - - _2h(sE) _ T(SE)
de; 27.3n (&= y) 2731 2723
and
drim gy (- e - 80 - 20
$
dn, = —g% l¢"¢.sg""‘]l-é°__e‘)

Substituting the above formulas into the expression for dI” yields the required
expression for the error in terms of the standard estimate of the error of the méasured
values of atteriuation and phase. The maximum values of dJ” obtained from the four
combinations «f dT and do are used to represent theé spread in impedance values,
Generally, this vatiation wés not larger thari the symbol size used to plot the data and,
therefore, is not presented in the data plots. The range of the relative estirhate of the
error is given in Figure 14 as a funttion of Mach number. This function increases with
Mach number indicating the incteasing influence of the standing waves on the data.
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CALCULATED RANGE OF DEVIATIONS FOR PERFORATED SHEET AND
POLYIMIDE IMPEDANCE MEASUREMENTS
FIGURE 14
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10.0 CONCLUSIONS i

Considering the inherent limitations of the grazing flow apparatus and the experience
gained in its usags, several aréas exist that require modification and improverient. They
are: .

... The waveguide apparatus, as it now exists, should be rédesigned to reduce
the standing wave component at higher Mach nunibers which would reduce
the variability of the impedance measurements. This can be done basically
by improving the efficiency of the diffuser exponential Horn by a redesign.

° The frequency range of the apparatus can be doubled by decréasing the
duct height by a factor of two. However, the maximum usable Mach
number could be further limited by fully developed pipe flow.

™ The dependence of impedance on the boun.  layer profile should be
studied. This can be accomplished by introducing boundary layer trips of
different degrees upstream of the test section. Boundary layer veldcity :
profiles would be measured from which boundary layer momentum :
thicknéss and other flow properties could be c¢orrelated to acoustic
impedance.

o The impedance measuring tethhique can be improved by using two
simultaneously traversing microphones. A “Fast Fourier Transformer”
(FFT) could be used to cross totrélate the two signals to obtain the
atténuation rate and phase velocity of the atoustic wave as a funétion of ' |
duct position. Coupling this FFT directly to a computer would niake it
possiblé to obtain direstly impedance vé. duct position. In this casg, it |
would beé possible, if necessary, to averade iifipedance over & certain duct :
length rather than straight line curve fitting data over half wavé length duct :
sections as tequired by the present mieasurément téchnique. Also, as a 1
by-product of using the FFT, the power spectral dehsity of the entire :
acoustic spectrum would be available on demand at any duct location.
Thus, by making these modifications, more information would be made
avdilable in a shorter period of time.

e__A higher SPL source is needed to produce SPL's that induce particle o
vélotities that dominate that dué to grazing flow $o that the grazing flow
induced particle velotities can be determined.

The feasibility of using a waveguide method of determining the impedance of acoustic
materials in a grazing flow environment has been proven. This method determines both
the resistivé and reattive impeddnces of the installed panel. Therefore, & realisti¢
mathematical impedarice model that considers Mach nunmiber, SPL, and freduericy can be
derived from this type of impeddnce meéasturement.
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